The volatiles present in the above ground parts of Silaum silaus (L.) Schinz et Thell. (Apiaceae), pepper saxifrage, were analysed by GC/MS and GC. The fractions investigated were the distilled oil, n-hexane extracts and solid phase microextracts (SPME) of the different plant parts. Myristicin was the main volatile compound in the fruits, followed by (E)-β-ocimene. The leaves and stems contained α-pinene, myristicin, (Z)-β-ocimene and (E)-β-ocimene as major compounds in the essential oil. Additionally, in a root headspace sample 2,4,5-trimethylbenzaldehyde was the main compound.
The plant samples originated from a wet meadow. The species flowers in summer and fruits are developed by autumn [4] . As the meadow was cut in summer, the plants collected for this study came from re-grown plants that fruited between the end of September and October. During fruit ripening the leaves became increasingly drier, and so, in the second year, at harvest stems and leaves were collected together. With a yield of less than 0.1%, the stems were considerably lower in essential oil than the leaves and fruits.
The composition of the distilled oils from the plants collected in two consecutive years is displayed in Table 1 . In the fruits, myristicin was the main compound accounting for approximately 60% of the oil. Further major components were (E)-β-ocimene (13-22%) and α-pinene (7-9%). In the leaves and stems, α-pinene (30%) predominated, with (Z)-β-ocimene (12-31%), myristicin (7-27%) and (E)-β-ocimene (5-12%) as further major compounds. The leaf oil sample from the first year had a higher proportion of myristicin than the stem and leaf oil sample from the second year. In the oil samples from the second year, both epoxyocimenes could be detected.
Additionally, in the first year, small pieces of the plant parts were heated at 50°C in closed vials and the headspace was investigated using SPME ( Table 2) . As with this technique only small plant samples were analysed, these volatile fractions may display a different composition from the distilled oils, especially when minor components are considered. Again, myristicin (58%) was the main compound of the fruit volatiles, followed by (E)-β-ocimene (25%). The headspace of the leaves and stems was dominated by both ocimene isomers, in varying proportions, accompanied by (Z)-epoxyocimene in the case of the stems. Besides α-pinene, there was also a noticeable amount of β-caryophyllene (10%) in these samples. Again, leaves contained higher proportions of myristicin (21%) than the stems. The root sample had nearly 32% 2,4,5-trimethylbenzaldehyde as its main compound, followed by (Z)-β-ocimene (22%) and myrcene (8%). β-Funebrene and β-bisabolene were minor compounds that were not found in the other plant parts. In the root headspace samples, there were also two unidentified compounds eluting at high temperatures at the end of the chromatogram, accounting together for about 11% of the volatiles. Phthalides have been reported to occur in the roots of S. silaus [5] . Whether these unidentified peaks correspond to such substances needs further clarification.
Finally, to get an idea of the variability of the volatiles within a population, 21 well developed individual plants were separated into stems, leaves and fruits, and extracted with n-hexane. A quantification of selected volatile compounds was carried out (Table 3 ). The highest contents were recorded in the fruits and the lowest in the stems, but the leaves contained more α-pinene than the fruits. The compounds showed a great variability. Myristicin in the fruits ranged from 131 to 12,550 µg/g, a nearly 100-fold difference. In many instances the lowest value (min) recorded differed from the highest (max) by a factor of 10. Also, in many instances, the 25% values were roughly four times lower than the 75% values. There were several individuals with appreciable amounts of either γ-terpinene or α-terpinolene in the fruits.
Altogether the major essential oil compounds detected in the above ground parts of S. silaus are also present in other plants of the Apiaceae family. For instance, parsley is well known for its myristicin content. Myristicin occurs also in the leaves of Pastinaca sativa [6] . Trimethylbenzaldhydes have been recorded for various Eryngium species [7] , and (Z)-β-ocimene was amongst the major components in the oil of Seseli annuum [8] and Dicyclophora persica [9] .
Experimental
Plant material: Plants of Silaum silaus were collected between the end of September 2006 and mid October 2007 about 0.5 km west of Siegenfeld, near Baden, Lower Austria, Austria (N 48°02´ E 16° 10´), when the central umbels had fully developed fruits. The plants were growing in a wet meadow in loam rich soil. The "Exkursionsflora für Österreich, Liechtenstein und Südtirol" [4] was used for identifying the plants. Voucher specimens were deposited in the Herbarium of the University of Vienna (WU-Generale, http:\\herbarium.univie.ac.at).
Hydrodistillation: About 10 g of the dried whole fruits, crushed leaves and finely chopped stems were subjected to hydrodistillation for 2 h in a Clevengertype apparatus containing 200 mL of double distilled water. After recording the yield of oil, 500 µL n-pentane was added to collect the oil, which was stored at -18°C until GC/MS and GC analysis.
Solid phase microextraction:
The dried fruits were chopped with a razor blade to open the oil ducts and from the leaves, stems and root about 1 mm wide pieces were cut off. Samples of 58 mg of fruit, 80 mg of leaf, 60 mg of stem and 160 mg of root were incubated for 15 min at 52°C in a 10 mL flask closed with a septum. Then, the SPME fibre (PDMS: polydimethylsiloxane, Supelco) was exposed for 15 min to the gas phase in the flask. Subsequently the volatiles were desorbed for 3 minutes in the injection port of the GC/MS system at 250°C. The total ion current (M/Z 40-350) from the mass selective detector was used to calculate the relative amounts of the volatile components.
Extraction with n-hexane: The volatiles were extracted with n-hexane in an ultrasonic bath. About 230 mg of finely cut leaves or stems were incubated for 30 min with 1 mL n-hexane containing hexadecane as internal standard (ISTD, 120 mg/L) at ambient temperature in an ultrasonic bath. Fruits were cut transversally with a razor blade to open the oil ducts and about 70 mg of the resulting fruit particles were extracted, as indicated above. The obtained filtered extracts were directly analysed by GC and GC/MS.
To construct a calibration curve, 20 to 400 µL of a solution of decane (0.89 mg/mL) in n-hexane/ISTD was filled to 1 mL with n-hexane/ISTD. Each calibration standard was analysed by GC in triplicate. The concentration of the individual volatile components was calculated by assuming the same response as determined for decane.
Gas chromatography:
The n-hexane extracts and diluted essential oils were analysed with an Agilent Technologies 6890N GC, equipped with FID. Separation was on a DB-5 narrow bore column, 10 m x 0.10 mm with 0.17 µm film thickness. The analytical conditions were: carrier gas He, initial flow 0.5 mL/min (42 cm/sec), constant pressure 45.78 psi; injector temperature 250°C, split ratio 50:1, temperature program: 1 min at 60°C, with 8°C/min up to 85°C, then with 12°C/min to 280°C and hold for 5 min at 280°C. The injector temperature was set at 250°C, the injection volume was 1 µL. The FID was operated at 260°C with an air flow of 350 mL/min and a hydrogen flow of 35 mL/min.
Gas chromatography/mass spectrometry: Twenty µL of the oil-pentane fraction was further diluted with 100 µL n-hexane prior to GC/MS analysis. To record the pattern of volatile components in either the extracts or in the oils a HP 6890 GC was utilized, equipped with a 5972 quadrupole mass selective detector. Separation was achieved on a 30 m x 0.25 mm fused silica column coated with 0.25 µm HP5-MS. The analytical conditions were: carrier gas He, 1.3 mL/min constant flow; injector temperature 250°C, split ratio 20:1, temperature program: 2 min at 40°C, with 3°C/min up to 180°C, then with 4°C/min to 280°C and hold for 4 min at 280°C. The injector temperature was 250°C; the injection volume was 1 µL. The transfer line to the MS was set at 280°C. The compounds were identified according their mass spectra (M/Z 40-350) and their retention indices [10, 11] .
